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DESCRIPTION 

METHOD OF EVALUATING COMPOUND EFHCAQOUS IN TREATING 

OBESITY 

Technical Field 

5 [0001] The present invention relates to a method of evaluating compounds which are 

effective for treatment or prevention of obesity using LCE (long chain My acyl 
elongase) gene or protein The invention farther relates to an examination method for 
obesity using the gene or protein. 
Background Art 

10 [0002] Obesity is a risk factor for numerous adult diseases including hypertension, 

diabetes, hyperiipidemia and ischemic heart disease. Since most of these are chronic 
conditions, they are expected to lead to rising medical costs and to create serious 
problems for society. 

[0003] Anti-obesity drugs are being developed for prevention, and currently several 
15 appetite suppressors and lipid absorption inhibitors are being used in the clinic. Some 

of the known target molecules in anti-obesity research include leptin, PPARy and 
neuropeptide Y, but because of the huge variety of causes for obesity, it is desirable to 
focus on molecules having different action mechanisms as targets for future drug 
development 

20 [0004] Proper diagnosis of obesity and its causes is essential for appropriate treatment 

thereof, and therefore identification of a convenient and high-precision obesity marker 
has been desired With the discovery in recent years that the effects of administered 
drugs are partially dependent on patient genotypes including genetic polymorphisms, it 
has become a goal to establish examination methods and diagnostic markers on the 

25 molecular level for clinical trials at the drug development stage, for so-called "tailor- 

made medicine 1 '. 

[0005] Biosynthesis of fatty acids is mediated by acetyl CoA carboxylase and fatty 
acid synthases. LCE (Accession No. NMJQ24090 (human; SEQ ID NO: 1); 
NM_1 30450 (mouse; SEQ ID NO: 2)) is one such fatty acid synthase, and in the fatty 
30 acid synthesis pathway in which synthesis is initiated on the substrate acetyl CoA, LCE 

is known to catalyze elongation of the carbon chains primarily of C 1 2 and longer fatty 
acids, including myristic acid from lauric acid, palmitic add from myristic acid, stearic 
acid from palmitic add and vaccinic add from palmitoldc add (J. Biol. Chera, 
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276(48), 45358-45366(2002); Non-palent document 1). 

[0006] For example, WO02/44320 (Patent document 1) teaches that ELG5 (LCE) 
exhibits activity as an elongase on polyunsaturated fatty acid (PUFA) substrates. It also 
describes a connection between elongases and diseases such as diabetes, citing a report 
5 showing that elongase activity is accelerated in the livers of STZrinduced diabetic rat 

models (Suneja et aL, 1990, Biochera Biophys. Acta, 1042:81-85; Non-patent 
document 2). 

[0007] It has also been reported that feeding of mice alters expression levels of mouse 

FACE (LCE) (Matsuzaka T. et aL, J. lipid Res., 43(6): 911-20 (2002); Non-patent 
10 document 3). 

[0008] Patent document 1: WO02/44320 

Non-patent document 1: J. Biol. Chem, 276(48), 45358-45366(2002) 
Non-patent document 2: Suneja et aL, 1990, Biochem Biophys. Acta, 

1042:81-85 

15 Non-patent document 3: Matsuzaka T. et aL, J. Lipid Res., 43(6): 911-20 

(2002) 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0009] However, these documents do not disclose data that directly indicate a 
20 connection between LCE and obesity, and have nowhere shown that a crucial role is 

performed by LCE elongase activity on saturated fatty acids. 
[0010] InHghtoftheciruimstancesof^ 

the present invention to elucidate the direct relationship between LCE and obesity in 
order to provide an examination method for obesity or emaciation which permits 

25 judgment to be made on the molecular level, and examining agents for obesity and 

emaciation which employ such molecules. It is another object to provide a method of 
evaluating compounds to allow screening of therapeutic and diagnostic agents for 
obesity or emaciation. It is yet another object to provide a method for inhibiting fat 
synthesis and preventing obesity. 

30 Means for Solving the Problems 

[0011] As a result of much diligent research directed toward achieving the afoiestaled 
objects, the present inventors discovered a fixed correlation between weight change 
and LCE expression, and thereupon completed the present invention. 
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[0012] Specifically, the present invention provides the following methods of 
evaluating compounds effective for treatment or prevention of obesity, (1) to (4). 

(1) A method of evaluating compounds which are effective for treatment or 
prevention of obesity, characterized by comprising 
5 a step in which a test compound is administered to or contacted with a test 

animal or a test cell, and 

a step in which it is confirmed whether or not said test compound regulates 
expression levels of LCE gene or a gene which is functionally equivalent to said gene, 
in said test animal or test cell. 
10 (2) A method of evaluating compounds which are effective for treatment or 

prevention of obesity, characterized by comprising 

a step in which a test compound is contacted with a test animal or a test cell 
possessing a fusion gene comprising an expression regulatory region of LCE gene and 
a reporter gene, and 

15 a step in which expression of said reporter gene in said test animal or test cell is 

assayed 

(3) A method of evaluating compounds which are effective for treatment or 
prevention of obesity, characterized by comprising 

a step in which a test compound is contacted with LCE protein and 
20 a step in which it is confirmed whether or not said test compound exhibits an 

effect on the activity of said protein. 

(4) A method of evaluating compounds which are effective for treatment or 
prevention of obesity, characterized by comprising 

a step in which a test compound is contacted with a plurality of elongase 
25 proteins including LCE, 

a step in which the activities of said plurality of elongase proteins are assayed, 

and 

a step in which test compounds are selected which inhibit LCE activity among 
said plurality of elongase proteins. 
30 [0013] Also encompassed within the scope of the invention is an agent for treatment or 

prevention of obesity which contains as active ingredient a compound obtained by the 
method of evaluating compounds effective for treatment or prevention of obesity, 
according to the invention as described above. 
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[0014] The invention farther provides a method of inhibiting fat synthesis 
characterized by inhibiting The means for inhibiting 

LCE fatty acid synthesis activity is not particularly restricted, but preferably involves 
inhibition by RNAi (RNA interference). The RNAi may be accomplished by using 
5 one or more siRNA (small interfering RNA) selected from the group consisting of 

siRNA consisting of the nucleic acids of SEQ ID NOs: 13 and 14, siRN A consisting of 
the nucleic acids of SEQ ID NOs: 15 and 16, siRNA consisting of the nucleic acids of 
SEQ ID NOs: 17 and 18, siRNA consisting of the nucleic acids of SEQ ID NOs: 19 
and 20, siRNA consisting of the nucleic acids of SEQ ID NOs: 21 and 22, siRNA 

10 consisting of the nucleic acids of SEQ ID NOs: 23 and 24, siRNA consisting of the 

nucleic acids of SEQ ID NOs: 25 and 26, siRNA consisting of the nucleic acids of 
SEQ ID NOs: 27 and 28, siRNA consisting of the nucleic acids of SEQ ID NOs: 29 
and 30, siRNA consisting of the nucleic acids of SEQ ID NOs: 31 and 32, siRNA 
consisting of the nucleic acids of SEQ ID NOs: 33 and 34, siRNA consisting of the 

15 nucleic acids of SEQ ID NOs: 35 and 36, siRNA consisting of the nucleic acids of 

SEQ ID NOs: 37 and 38, siRNA consisting of the nucleic acids of SEQ ID NOs: 49 
and 50, siRNA consisting of the nucleic acids of SEQ ID NOs: 51 and 51, and siRNA 
consisting of the nucleic acids of SEQ ID NOs: 53 and 54, and especially siRNA 
consisting of the nucleic acids of SEQ ID NOs: 23 and 24 are preferably used 

20 [0015] The invention further provides a method for treating or preventing obesity, 

characterized by inhibiting LCE fatty acid synthesis activity using RNAi. There is no 
particular restriction on the means for inhibiting LCE fatty acid synthesis activity, but it 
preferably involves inhibition by RNAi The RNAi is preferably accomplished using 
the siRNA mentioned above, and preferably siRNA consisting of the nucleic acids of 

25 SEQ ID NOs: 23 and 24 are used 

[0016] The invention still further provides the following obesity examination methods 
d)to(4). 

(1) A method of examining obesity characterized by assaying an expression 
level and a change in expression levels of LCE gene in a test tissue or a test cell. 
30 (2) A method of examining obesity characterized by assaying an expression 

level and a change in expression level of LCE protein in a test tissue or a test cell. 

(3) A method of examining obesity characterized by detecting a polymorphism 
in LCE gene in a test tissue or a test cell. 
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(4) A method of examining obesity characterized by detecting expression or 
activity of a protein which affects expression of LCE gene through interaction with 
LQE protein. 

[0017] The invention still further provides siRNA diaracterized by being consisting of 
5 the nucleic acids of SEQ ID NOs: 23 and 24, as well as an LCE expression inhibiting 

agent, a fatty add synthesis inhibiting agent and a therapeutic or preventing agent for 
obesity characterized by comprising the siRNA. 
Effect of the Invention 

[0018] By the method of evaluating compounds of the present invention, it has 
10 become possible to elucidate the direct relationship between LCE and obesity, and 

provide an examination method for obesity or emaciation which penmts judgment to 
be made on the molecular level, as well as examining agents for obesity and 
emaciation which employ such molecules. It has also become possible to provide a 
method for evaluating compounds to allow screening of therapeutic and diagnostic 
15 agents for obesity or emaciation, as well as to provide a method for inhibiting fat 

synthesis and preventing obesity. 
Brief Description of the Drawings 

[0019] Fig. 1 is a graph showing (a) LCEmRNA expression and (b) LCE activity in 
cells forced to express LCE. HEK293 represents non-treated cells, A5 represents LCE 

20 moderately-expressing cells and D8 represents LCE highly-expressing cells. 

Fig. 2 is a set of pie graphs showing fatty acid compositions in cells forced to 
express LCE The black portions represent fatty acids with carbon chains of C18 or 
more carbons, and the white portions represent fatty acids with carbon chains of C16 or 
fewer carbons. Graphs (a) to (c) represent the fatty acid compositions of triglycerides, 

25 graphs (d) to (f) represent the fatty add impositions of cholesteayl esters and graphs 

(g) to (i) represent the fatty acid compositions of phospholipids. "wt M represents non- 
treated HEK293 cells. 

Fig. 3 is a set of bar graphs showing more detailed fatty acid compositions in 
cells forced to express LCE. Graph (a) represents the fatty acid compositions of 

30 triglycerides, graph (b) represents the fatty acid compositions of cholesteryl esters and 

graph (c) represents the fatty acid compositions of phospholipids. 

Frg. 4 shows the results of the suppression of the expression of LCE by RNAi. 
Drawing (a) shows the corresponding regions for each siRNA on LCE gene, and (b) 
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shows expression of LCE mRNA upon transfection of each siRNA. 

Fig. 5 is a pair of graphs showing the results of activity inhibition of LCE by 
RNAi. Graph (b) shows LCE mRNA expression, and graph (b) shows Fatty Acyl 
CoA elongation activity. LCE RNAi represents RNAi of LCE using hLCE-siRNA-6 
5 (likewise hereunder, unless otherwise specified). 

Fig. 6 is a pair of graphs showing LCE mRNA expression in siRNA- 
transfected HepG2 cells, (a): at 24 hours, (b): at 48 hours. 

Hg. 7 is a set of graphs showing (a) LCE, (b) FAS and (c) SCD mRNA 
expression in siRNA-transfected HepG2 cells. 
10 Fig. 8 shows the results of the suppression of the expression of mouse LCEby 

RNAi Drawing (a) shows corresponding regions for each siRNA on mouse LCE 
gene, (b) shows expression of mouse LCE mRNA upon transfection of each siRNA, 
and (c) shows expression of mouse FAS mRNA upon transfection of each siRNA. 

Hg. 9 is a set of graphs showing the results of (a) the suppression of LCE 
15 expression (b) the suppression of FAS expression and (c) fatty acid synthesis inhibition 

by RNAi. 

Hg. 10 is a pair of graphs showing (a) suppression of LCE expression and (b) 
apolipoprotein B secretion inhibition by RNAi. 

Hg. 1 1 is a set of graphs showing changes in (a) body weight, (b) blood glucose 
20 and (c) plasma insulin upon siRNA administration, "scramble RNAi" represents the 

control wherein RNAi was carried out using scramble siRNA which exhibits no effect 
in mammals. 

Hg. 12 is a graph showing expression of SREBP-1 and SREBP-2 mRNA in 
siRNA-transfected HepG2 cells. 
25 Hg. 13 is apairofgraphs showing (a) fatty acid synthesis 

and (b) triglyceride synthesis ability of siRNA-transfected HepG2 cells. 

Fig. 14 is a graph showing triglyceride amount in siRNA-transfected HepG2 

cells. 

Hg. 15 is a set of graphs showing (a) CQ2 pixxiuction, (b) ketone body 
30 production and (c) palmitate incorporation into triglycerides, for siRNA-transfected 

HepG2 cells. 

Rg. 16 is a graph showing CPT-1 mRNA expression in siRNA-transfected 
HepG2 cells. 
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Hg. 17 is a set of graphs showing (a) body weight, (b) epididymal white 
adipose tissue weight and (c) liver LCE mRNA expression in mice fed with a high- 
sucrose diet CA-1 represents mice fed with a normal diet, and HSD (3 days) and 
HSD (10 days) represent mice fed with a high-sucrose diet for 3 days and 10 days, 
respectively. 

Fig. 18 is a set of graphs showing (a) fat weight, (b) body fat weight/body 
weight ratio and (c) plasma leptin level for mice administered with siRNA. HSD 
SCR-RNAi represents administration of scramble siRNA which exhibits no effect in 
mammals, to mice fed with a high-sucrose diet HSD LCE-RNAi represents 
administration ofhLCE-siRNA-6 to mice fed with a high-sucrose diet 

Hg. 1 9 is a set of graphs showing (a) LCE mRNA expression level, (b) FAS 
mRNA expression level and (c) liver triglyceride content for siRNA-administered 
mice. 

Hg. 20 is an image showing the change in LCE protein in the livers of siRNA- 
adnrinisteredmice. 

Hg. 21 is apair of graphs showing (a) ACC, FAS, SCD1, SREBP-lc andlRS- 
2 and (b) LCE mRNA expression level in the livers of siRNA-administered mice. 

Hg. 22 is a pair of graphs showing LCE activity of LCE mutants, where (a) 
shows the LCE activity of a mutant wherein cysteine is substituted with alanine and (b) 
shows the LCE activity of a mutant wherein histidine is substituted with alanine. 
Best Mode for Carrying Out the Invention 

[0020] Preferred modes of the invention will now be explained in detail . 
[0021] 'Expression level" according to the invention refers to the absolute or relative 
amount of transcription product of LCE gene. The term "gene" includes both DNA 
and mRNA. When the target of expression detection is the protein, the "expression 
level" refers to the absolute or relative amount of translation product of LCE gene. 
[0022] A "test animal" according to the invention is not particulariy restricted in tons 
of species so long as it is an animal that can be used for evaluation of the compound, 
and specifically there may be mentioned mouse, rat, guinea pig, rabbit, dog, monkey 
and the like. 

[0023] The type of "test tissue" according to the invention is 

so long as it is a tissue which can be extracted from the body for examination of obesity 
or emaciation, but from the standpoint of readily reflecting effects on obesity or 



emaciation it is preferably liver tissue, adipose tissue, muscle tissue or blood tissue. 
From the standpoint of facilitating isolation of the tissue, it is most preferably blood 
tissue among the above tissues. There are no particular restrictions on the animal 
species from which the tissue is taken, but human tissue is preferred since the major 
purpose of the invention will be for human clinical use. 

[0024] The type of "test cells" according to the invention are also not particularly 
restricted so long as they are cells that can be extracted from the body for examination 
of obesity or emaciation, but from the standpoint of readily reflecting effects on obesity 
or emaciation they are preferably hepatocytes, adipocytes (white adipocytes, brown 
adipocytes, etc.), muscle cells (myoblasts, skeletal muscle cells, smooth muscle cells, 
etc.), pancreatic cells (islet cells, etc.) or hemocytes. There are no particular restrictions 
on the animal species from which the cells are derived, but human cells are preferred 
since the maj or purpose of the invention will be for human clinical use. 
[0025] "Obesity" according to the invention includes not only general obesity as 
defined by an excess accumulation of adipose tissue, but also "adiposity" associated 
with complications such as diabetes or hypotension, or visceral fat "Obesity" 
according to the invention may also refer to a state of increased body weight relative to 
an original body weight, in the case of body weight control by administration of a drug 
or the like. 

[0026] The term "examination" used according to the invention includes not only 
simple discernment of obesity or emaciation but also "prognosis" regarding future 
obesity or emaciation. 

[0027] "Elongase activity" according to the invention means activity of elongating 
carbon chains of fatty acids or fatty acyl-CoA. 

[0028] (1) Method of evaluating compounds effective for treatment or prevention of 
obesity 

A method of evaluating compounds which are effective for treatment or 
prevention of obesity will now be explained By administering or contacting a test 
compound with a test animal or a test cell and measuring the resulting variation in LCE 
gene expression or contacting a test compound with LCE protein and examining the 
effect on the protein activity, it is possible to evaluate the test compound 
[0029] Specifically, it is thought that test compounds will include those which act on 
cells or tissues to normalize or control LCE gene expression levels or LCE protein 
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activity, thereby helping to normalize mechanisms that contribute to obesity, such as 
controlling fat accumulation and appetite. Thus, the evaluation method described 
below allows evaluation of compounds which are effective for treatment or prevention 
of obesity. 

5 [0030] (A) Evaluation method using LCE gene expression level reguMon as index 

By administering or contacting test compounds with a test animal or a test cell 
and confirming whether or not the test compounds regulate expression levels of LCE 
gene or a gene which is functionally equivalent to the gene, in the test animal or test 
cells, it is possible to identify test compounds which are effective for treatment or 

10 prevention of obesity. 

[0031] Specifically, a test compound is evaluated by the following procedure. 

First, the test compound is administered to or contacted with the test animal or a 
test cell. There are no restrictions on the type of the compound, regardless of its 
structure or properties, so long as it is a candidate compound for treatment or 

15 prevention of obesity. The mode of administering the test compound to the test animal 

is not particularly restricted, and specifically there may be mentioned, for example, oral 
administration and parenteral administration (such as percutaneous administration, 
intramuscular injection, intravenous injection or subcutaneous injection). There are 
also no particular restrictions on the method of contacting the test compound with the 

20 test cell, and specifically there may be mentioned, for example, methods of contact by 

admixture in a solution such as a culture solution or buffer solution (phosphate buffo* or 
the like). 

[0032] It is thai confirmed whether or not the test compound regulates the level of 
expression of LCE gene or a gene which is ftmctionally equivalent to that gene in the 

25 test animals or the test cell. 

[0033] There are no particular restrictions on the method of confirming whether or not 
the expression level of the gene is regulated, and it may be carried out by detecting 
change in the gene expression level by a gene amplification method such as RT-PCR, a 
method using a DNA microarray or a Northern hybridization method, against the pre- 

30 administration or pre-contact levels as a control There may optionally be used animals 

or cells having artificially introduced therein a fused gene comprising the 
aforementioned gene with an expression regulatory region and a reporter gene. For 
such cases, specific examples of reporter genes include (3-galactosidase gene, luciferase 
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gene and green fluorescence protein gene. 

[0034] Hoe, "a gene which is functionally equivalent to LCE gene" refers to a gene 
which has a different nucleotide sequence than LCE gene but exhibits relatively high 
homology and has identical or similar activity to LCE. The degree of homology is not 
5 particularly restricted so long as the functions of the genes are equivalent, but the 

nucleotide sequence homology is preferably 70-100%, more preferably 80-100%, 
even more preferably 90-100% and most preferably 95-100%. If the homology is 
lower than this range, the gene is probably one which does not exhibit identical or 
similar function to LCE. However, even if the nucleotide sequence homology is 

10 below the aforemaitioned range, the gene may still have identical or similar function to 

LCE gene if there is high homology between the domain exhibiting the unique 
function of LCE and the nucleotide sequence corresponding to that domain. Such 
genes can be suitably used even if the nucleotide sequence homology falls outside of 
the aforementioned range. In addition, a gene with relatively high homology can be 

15 obtained by natural or artificial substitution, deletion, addition and/or insertion of one or 

more bases of LCE gene. 

[0035] When the expression level of LCE gene or a gene which is functionally 

equivalent to LCE gene is reduced by at least 20% and preferably at least 50% after 

administration of or contact with the test compound compared to the level before 
20 administration of or contact with the test compound, the test compound may be 

evaluated as a compound effective for treatment or prevention of obesity. 

[0036] (B) Evaluation method using LCE protein activity as index 

If a test compound is administered to or contacted with LCE protein and it is 

confirmed whether or not the test compound affects activity of the protein, it is also 
25 possible to evaluate test compounds which are effective for treatment or prevention of 

obesity. 

[00371 Specifically, a test compound may be evaluated by the following procedure. 

First, the test compound is contacted with LCE protein. There are no particular 
restrictions on the method of contacting the test compound with the protein, and 
30 specifically there may be mentioned, for example, methods of contact by admixture in 

a solution such as a buffer solution (phosphate buffer or the like). 
[0038] It is then confirmed whether or not the test compound affects the activity of the 
protein. The conditions for assaying the protein activity may be appropriately set 
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depending on the nature of the protein used The specific conditions, in the case of 
LCE protein for example, may use elongase activity as the index, and more specifically, 
the method may involve admixture and incubation of a cell-extracted microsome 
fraction in a solution containing NADPH, palmitoyl CoA and 14 C-labeled malonyl 
Co A for extraction of the fatty acids, and thai assay of the specific radioactivity in the 
fatty acids for measurement of the elongase activity. Alternatively, the method may be 
carried out with reference to J. Biol. Chem. 276(48), 45358-45366 (2001). 
[0039] When the expression level of LCE gene or a gene which is functionally 
equivalent to LCE gene is reduced by at least 20% and preferably at least 50% after 
administration of or contact with the test compound compared to the level before 
administration of or contact with the test compound, the test compound may be 
evaluated as a compound effective for treatment or prevention of obesity. 
[0040] The method of evaluating compounds effective for treatment or prevention of 
obesity according to the invention as explained above allows screening of therapeutic 
or diagnostic agents for obesity, evaluation of the efficacy and safety of such agents, 
and selection of appropriate agents for tailor-made therapy. 
[0041] (Q Method of evaluating compounds which inhibit LCE protein 

By contacting a test compound with a plurality of elongase proteins including 
LCE, assaying the activities of the plurality of elongase proteins and thai selecting test 
compounds which inhibit LCE activity, it is possible to evaluate and select compounds 
that inhibit elongase activity, and specifically LCE elongase activity. 
[0042] Specifically; the evaluation may be conducted by the following procedure. 

First, a test compound is contacted with each of a plurality of elongase proteins 
including LCE. The method of contacting the proteins and the test compound is not 
particularly restricted, and specifically there may be mentioned, for example, methods 
of contact by admixture in a solution such as a buffer solution (phosphate buffer or the 
like). The types of elongases used are not restricted so long as they have elongase 
activity, and as specific examples there may be mentioned FAS (Fatty Acid Synthase) 
andELO-1. 

[0043] Next, it is confirmed whether or not the test compounds affect the protein 
activity. The conditions for assaying the protein activity may be appropriately set 
depending on the nature of the protein used The specific conditions, in the case of 
LCE protein for example, may use elongase activity as the index, and more specifically, 



the method may be earned out with reference to J. Biol. Chem 276(48), 45358-45366 
(2001). For other elongases, elongase activity may be used as the index as for LCE, 
and the activity assay may be earned out according to a publicly known method such 
as, for example, a method based on J. BioL Chem. 276(48), 4535845366 (2001). 
[0044] The method of evaluating compounds effective for treatment or prevention of 
obesity according to the invention as described above allows screening of therapeutic 
or diagnostic agents for obesity, evaluation of the efficacy and safety of such agents, 
and selection of appropriate agents for tailor-made therapy. 

[0045] (2) Fat synthesis inhibition method and obesity treatment and prevention 
method 

A method of inhibiting fat synthesis and a method of treating or preventing 
obesity according to the invention will now be explained Since LCE is a synthase of 
fatty adds which are constituents of fat, inhibition of its enzyme activity can block 
synthesis of fatty acids and thus prevent synthesis of fat 

[0046] Specifically, fat synthesis inhibition is accomplished by the following 
procedure. 

First, a substance which inhibits LCE activity is selected The substance may 
be, for example, a compound which functions as an LCE inhibitor, or an antibody 
against LCE, antisense nucleotide or siRNA (small interfering RNA; double-stranded 
RN A consisting of sense RNA and antisense RNA) used for RNAi. 
[0047] Next, the substance is introduced into an individual, tissue or cell in which LCE 
is present Specifically, when the target is an individual, the method of introduction is 
not particularly restricted and may be intraarterial injection, intravenous injection, 
subcutaneous injection, intranasal introduction, transbrondiial inhalation, intramuscular 
administration or oral adriiinistration of the compound When the target is a tissue, the 
method of introduction is not particularly restricted and may be injection into the tissue 
or introduction by admixture in a buffer solution. When the target is a cell, the method 
of introduction is not particularly restricted and may be admixture in a buffer solution, 
electroporation, or the like. 

[0048] More specifically, RNAi can be accomplished by introduction of siRNA into 
cells by, for example, contacting liposome-packaged siRNA with cells added to a cell 
culture solution (Nature, 411, 494498, (2001); J. Cell ScL, 114(Pt 24), 4557-4565, 
(2001); Biochem. Biophys. Res. Commun., 301(3), 804-809, 2003). The following 
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siRNA may be used for RNAi of LCE: hLCE-siRNA-1 (SEQ ID NOs: 13 and 14), 
hLCE-siRNA-2 (SEQ ID NOs: 15 and 16), hLCE-siRNA-3 (SEQ ID NOs: 17 and 
18), hLCE-siRNA-4 (SEQ ID NOs: 19 and 20), hLCE-siRNA-5 (SEQ ID NOs: 21 
and 22), hLCE-siRNA-6 (SEQ ID NOs: 23 and 24), LCE-siRNA-2 (SEQ ID NOs: 
5 25 and 26), hLCErsiENA-7 (SEQ ID NOs: 27 and 28), hLCE-siRNA-8 (SEQ ID 

NOs: 29 and 30), hLCE-siRNA-9 (SEQ ID NOs: 31 and 32), hLC&siRNA-10 (SEQ 
ID NOs: 33 and 34), hLC&siRNA-ll (SEQ ID NOs: 35 and 36), hLCE-siRNA-12 
(SEQ ID NOs: 37 and 38), hLCE-siRNA-6 (SEQ ID NOs: 49 and 50), mLCE- 
siRNA-7 (SEQ ID NOs: 51 and 52) and mLCE-siRNA-11 (SEQ ID NOs: 53 and 

10 54). These siRN A may also be used in different combinations to allow RNAi to occur. 

Among these siRNA, hLC&siRNA-6 (SEQ ID NOs: 23 and 24) is most suitable for 
LCE RNAi because of its particularly powerful expression-suppressing effect on LCE. 
[0049] Inhibiting LCE activity in this manna- blocks the elongation reaction of fatty 
acid carbon chains and inhibits biosynthesis of fatty acids. 

15 [0050] Such a method of inhibiting fat synthesis can be applied for treatment or 

prevention of obesity. That is, inhibiting LCE activity in the body can block synthesis 
of fatty acids, resulting in inhibited synthesis of lipids, thereby allowing treatment or 
prevention of obesity. 

[0051] Specifically, treatment or prevention of obesity may be accomplished in the 
20 following manner. 

Rrst, a substance which inhibits LCE activity is selected The substance may 
be, for example, a compound which fiinctions as an LCE inhibitor, or an antibody 
against LCE, antisense nucleotide or siRNA used for RNAi 

[0052] Next, the substance is administered to thebody The method of administration 
25 is not particularly restricted and may be, for example, intraarterial injection, intravenous 

injection, subcutaneous injection, intranasal administration, transbronchial inhalation, 
intramuscular administration or oral administration of the compound A specific 
method using RNAi is as explained above for fat synthesis inhibition. 
[0053] (3) A method of examining obesity or emaciation 
30 A method of examining obesity or emaciation according to the invention will 

now be explained 

[0054] (A) A method of examining obesity or emaciation based on assay of LCE gene 
expression levels 
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By detecting change in the expression level of LCE gene or assaying its 
expression level in a test tissue or a test cell, it is possible to perform examination or 
diagnosis regarding obesity of the organism (for example, a human) from which the 
test tissue or the test cell have been extracted This allows not only examination of the 
condition of obesity at the time of examination, but also permits prognosis regarding 
possible future obesity or emaciation. 

[0055] A specific method for such examination will now be explained 

First, the test tissue or test cells are extracted from an organism as the subject of 
examination. There are no particular restrictions on the method of extraction, and any 
publicly known method may be employed 

[0056] Next, the gene whose expression level is to be assayed is prepared from 
extracted test tissue or test cell. Assay of LCE gene expression level requires 
preparation of LCE RNA (total RNA or mRNA) from the test tissue or the test cell. 
The RNA can be prepared by a publicly known method, with reference to, for 
example, Molecular cloning A LAB ORATORY MANUAL 2nd EDITION (1989) (T. 
Maniatis: Cold Spring Harbor laboratory Press) 7.3-7.36. The prepared RNA may 
then be used for measurement of the expression level by, for example, a gene 
amplification method such as RT-PCR, a method using a DNA rmcroarray (for 
example, an Aflymetrix DNA chip) or a Northern hybridization method The 
expression level may also be measured by in situ hybridization or the like, using the test 
tissue or the test cell 

[0057] For detection of changes in the expression level of LCE gene, the change in 
expression level may be detenxrined by assaying the expression level before and after a 
period in which the expression level is expected to change (for example, before and 
after administration of an obesity therapeutic agent). Specifically, it is possible to 
determine that an increase in body weight has occurred or may occur in the future if 
expression level of LCE gene in a test tissue or a test cell is significantly increased 
before and after a period in which the expression level is expected to change. 
[0058] (B) A method of examining obesity or emaciation based on assay of LCE 
protein expression levels 

By detecting change in expression level of LCE protein in a test tissue or a test 
cell, or by assaying the expression level, it is possible to perform examination or 
diagnosis regarding obesity of the organism (for example, human) from which the test 
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tissue or the test cell have been extracted This allows not only examination of the 
condition of obesity at the time of examination, but also permits prognosis regarding 
possible future obesity or emaciation. 

[0059] A specific method for examination will now be explained 
5 The method for protein expression level assay may be a method of quantitating 

protein isolated from an organism or a method of assaying protein levels in the blood, 
and there are no particular restrictions on the actual method employed A specific 
method for quantitation of protein isolated from an organism is described below. First, 
LCE protein is prepared fiom a test tissue or a test cell. The protein preparation may be 

10 carried out by a publicly known method The expression level can be measured from 

the prepared protein using a method employing a protein chip (for example, Protein 
Chip System by OPHERGEN) or an immunological method (for example, ELBA, 
EIA or Western blotting). The expression level can also be measured by 
immunostaining of the test tissue or the test cell. As a specific example of a method of 

15 measuring protein levels in the blood there may be mentioned quantitation of LCE 

protein by an immunological method as mentioned above, using sampled blood from 
the organism. 

[0060] Thus, by analyzing the results after assaying LCE gene or protein expression 
levels in the manner described above, it is possible to examine the state of obesity of a 

20 subject That is, according to the present invention, a fixed correlation between LCE 

protein expression level and body weight has been established, and therefore 
comparison of the examination results with the LCE protein expression level of a 
control group (healthy individuals) allows judgment of the severity of obesity. The 
examination method of the invention allows not only examination of the state of 

25 obesity at the time of examination, but also permits prognosis regarding possible future 

obesity or emaciation. 

[0061] For detection of change in the level of expression of LCE protein, the change in 
expression level may be determined by measuring the expression level before and after 
a period in which the expression level is expected to change (for example, before and 
30 after administration of an obesity therapeutic agent). Specifically, it is possible to 

determine that an increase in body weight has occurred or may occur in the future if 
expression level of the LCE protein in a test tissue or a test cell is significantly increased 
before and after a period in which the expression level is expected to change. 
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[0062] (Q A method of examining obesity or emaciation based on detection of gene 
polyirophismsinLCEgene 

When gene polymorphisms are present in LCE gene, expression levels of 
LCE gene or protein vary depending on the existence and types of such 
polymorphisms, and can often abnormally affect activity of the protein. Thus, 
detection of such gene polymorphisms can yield knowledge regarding LCE 
expression and activity, while also allowing examination regarding obesity of a subject 
fiom which a test tissue or a test cell is derived Such polymorphisms include, 
specifically, minisatellites, microsatellites and SNPs (single nucleotide polymorphisms). 
[0063] Detection of polymorphisms in LCE gene may be accomplished in the 
following manner. Specifically, the base sequence of a region which controls 
expression of LCE gene is determined for obesity test subjects to be examined, and 
polymorphic sites are located The allelic frequencies at the detected polymorphic sites 
are calculated, and polymorphisms are identified which correlate with obesity by 
discovering alleles which are significantly increased or decreased in the subject group. 
The genetic polymorphisms determined in this manner may be clinically detected in 
genomic DNA derived from the subject by, for example, a method of analyzing the 
base sequence at the polymorphic site, or utilizing differences in the physicochemical 
properties of DNA which vary depending on the type of base at the polymorphic site, 
or differences in restriction endonuclease sites, a method utilizing a detection probe 
suitable for detection of the polymorphic site, or a method utilizing mass spectrometry. 
[0064] (D) A method of examining obesity based on detecting expression or activity of 
protein which affects expression of LCE gene through interaction with LCE protein 

Most proteins exhibit their physiological function in vivo by interaction with 
other proteins. LCE also exhibits its function with its expression under control by the 
action of transcription factors, for example. A fixed correlation exists between LCE 
protein and the expression or activity of a protein which affects expression of LCE 
gene by interaction with LCE protein, and the relationship is such that detection of the 
behavior of either allows measurement of the behavior of the other. 
[0065] Here, "interaction" refers to direct or indirect action between LCE protein and a 
different protein, and for example, there may be mentioned action whereby physical 
contact between LCE protein and the different protein results in modification of an 
amino acid, or interaction via a third protein which indirectly affects expression of LCE 
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protein. Such proteins include, for example, proteins that exhibit their physiological 
function upstream or downstream from LCE protein for signal transduction via LCE 
protein. The method of detecting expression or activity of such a protein may be 
appropriately selected as a suitable means depending on the protein of interest, and 
there are no particular restrictions on the specific method 

[0066] The method of examining obesity according to the invention as explained 
under (A) to (D) above not only allows diagnosis of obesity on the molecular level, but 
also permits prognosis regarding possible future obesity and more precise diagnosis 
compared to conventional diagnostic methods. 
[0067] (4) Therapeutic or preventing agents for obesity 

A correlation is seen between LCE gene expression levels and body weight 
Thus, a compound that regulates the expression level of the gene to the normal level is 
not only useful for treatment or prevention of obesity, but can also be applied to 
conditions such as, for example, emaciation, diabetes, hypotension, hypedipidemia 
and ischemic heart disease. Such compounds include those selected by the method of 
evaluating compounds according to the invention. Such compounds may be used as 
drugs by direct administration of the con^unds to p^ or by their administration 
in the form of medical compositions formulated by publicly known pharmaceutical 
methods. For formulation, the following may be specifically mentioned as examples 
of pharmacologically acceptable carriers or media: sterilized water, physiological saline, 
vegetable oils, emulsifiers, suspending agents, surfactants, stabilizers, binders, 
lubricants, sweeteners, aromatics and coloring agents. As examples of methods of 
administering such medical compositions to patients there may be mentioned 
intraarterial administration, intravenous injection, subcutaneous injection, intranasal 
administration, transbronchial inhalation, intramuscular administration or oral 
administration. The amount of the medical composition administered will vary 
depending on the patient body weight and age and the method of administration, and a 
suitable dosage may be selected by a person skilled in the art. 
[0068] (5) Obesity examination agent and examination kit 

LCE protein expression levels are correlated with changes in body weight due 
to obesity. Thus, antibodies against the protein can be used for detection and assay of 
the protein levels in a test cell or a test tissue to conveniently perform examination of 
obesity. Hoe, "antibodies" may be full antibody molecules or fragments thereof, 



17 



which are able to bind LCE gene product as antigen. Such antibodies may be 
produced by publicly known methods, and may be either monoclonal antibodies or 
polyclonal antibodies. Immunological assay using such antibodies may be 
accomplished by a publicly known method, and specifically there may be mentioned 
fluorescent antibody assay and enzyme-antibody assay. 

[0069] The present invention can also be implemented by producing a kit including 
such antibodies. The kit constmction may include, in addition to the antibodies, a 
fluorescent labeling substance for detection of the antibodies, as well as a secondary 
antibody labeled with a radioisotope and a buffer solution to be used for antigen- 
antibody reaction. 

[0070] By using such an examining agent for obesity, it is possible not only to 
diagnose obesity on the molecular level, but also to perform prognosis regarding 
possible future obesity, and to achieve a more accurate diagnosis than conventional 
diagnostic methods. Moreover, using an examination kit for obesity according to the 
invention allows such accurate diagnosis to be carried out in a highly convenient 
manner. 

[0071] (6) hLCE-siRNA-6 (siRNA conprising nucleic acid ofSEQ TD NOs: 23 and 
24), and LCE expression suppressors, fat synthesis inhibitors and obesity therapeutic 
and preventing agents containing the same 

hLCE-siRNA-6, siRNA consisting of nucleic acid of SEQ ID NOs: 23 and 24, 
strongly suppresses LCE expression. Thus, hLCE-siRNA-6 can be used as an LCE 
expression suppressor, as a fat synthesis inhibitor, or as a therapeutic or preventing 
agent for obesity. 
Examples 

[0072] (Creation of obesity model animal) 

Preparation Example 1: Mice intracerebroventrioilaily (i.c.v.) administered 
with neuropeptide Y(NPY)Y5 agonist 

[0073] A mouse model of obesity induced by administration of an NPY Y5 agonist 
was prepared in the following manner. Nine- to twelve-week-old male mice 
(C57BL/6J: Qea Japan) wane raised under conditions with a room temperature of 23± 
2 °C and a humidity of 55 ± 15%, with one mouse in each plastic cage. The mice were 
raised under a 1 2 hour Kghtness/daricness cycle, with lights on at 7 :00 am and lights off 
at 7:00 pm The mice were also given See access to feed (CE-2 (25.4 wt% protein, 
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50.3 wt% carbohydrate, and 4.4 wt% lipid), Qea Japan) and water. 
[0074] The nice were anesthetized with 80 mg/kg sodium pentobarbital (Dynabot) 
and a 28-gauge sterilized brain fusion cannula (Alzet Co.) was steieotactically 
implanted in the right cerebral ventricle. The cannula was positioned 0.4 mm behind 
5 and 0.8 mm to the side of the bregma, and to a depth of 2 mm, and was anchored 

vertically with respect to the cranial bone using dental cement A polyvinyl chloride 
tube was used to connect the cannula to an osmotic pump Model #2002: Alzet Co.) 
filled with 10 mM phosphate buffer containing 0.05% bovine serum albumin (BSA). 
A solution of D-Try 34 NPY in 10 mM PBS (containing 0.05% BSA) (prepared for 5 
10 Mg/day) was filled into the pump, and the pump was implanted subcutaneously at the 

back of the mouse, and the mouse was subcutaneously injected with an antibiotic (50 
mg/kg Cefamedine; Fujisawa Pharmaceutical Co., Ltd). 

[0075] The mice were divided into three groups with equivalent average body 
weights: a group injected with the solvent (vehicle group); a group injected with D- 

15 Try* NPY (NYP Y5 agonist) (ad lib fed group); and a group injected with D-Try 34 

NPY and pair-fed (pair-fed group). 
[0076] Preparation Example 2: MCH-administered mice 

A mouse model of obesity induced by administration of MCH (melanin- 
concentrating hormone) was prepared in the following manner. 

20 [0077] Thirteen-week-old male mice (C57BL/6J: Qea Japan) were raised under 

conditions with a room temperature of 23 ± 2 °C and a humidity of 55 ±15%, with one 
mouse in each plastic cage. The mice were raised under a 12 hour lightness/darkness 
cycle, with lights on at 7:00 am and lights off at 7:00 pm The mice woe also given 
fiee access to feed (CE-2 (25.4 wt% protein, 50.3 wt% carbohydrate, and 4.4 wt% 

25 lipid), Qea Japan) and water. When the mice had adapted to their enwonment, they 

were given MHF (15.0 wt% protein, 52.4 wt% carbohydrate, 32.6 wt% lipid, Oriental 
Bioservice) as feed 

[0078] The mice were anesthetized with 80 mg/kg sodium pentobarbital (Dynabot) 
and a 28-gauge sterilized brain fusion cannula (Alzet Co.) was steieotactically 
30 implanted in the right ceiebral ventricle. The cannula was positioned 0.4 mm behind 

and 0.8 mm to the side of the bregma, and to a depth of 2 mm, and was anchored 
vertically with respect to the cranical bone using dental cement A polyvinyl chloride 
tube was used to connect the cannula to an osmotic pump Model #2002: Alzet Co.) 
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filled with 30% propylene glycol. The pump was implanted subcutaneously at the 
back of the mouse, and the mouse was subcutaneously injected with an antibiotic. 
[0079] The mice woe divided into three groups with equivalent average body 
weights: a group injected with the solvent (vehicle group); a group injected with MCH 
5 (ad lib fed group); and a group injected with MCH and pair-fed (pair-fed group). The 

pump was then replaced with MCH (3 (og/day) or solvent (30% propylene glycol) 
under ether anesthesia. 

[0080] Preparation Example 3: DIO(Diet Induced Obesity) mice 

Eighteen-week-old male mice (C57BL/6J: Qea Japan) were raised under 

10 conditions with a room temperature of 23 ± 2 °C and a humidity of 55 ± 15%, with 

one mouse in each plastic cage. The mice were given a high-calorie diet of MHF (1 8.2 
wt% protein, 55.6 wt% carbohydrate, 155 wt% lipid) for a period of 6 months, to 
create an obese mouse model (DIO mice). In the examples, "established MFD" refers 
to mice raised with MHF feeding until body weight no longer increased 

15 [0081] Also created were DIO mice (HFD), which were the same mice given a high- 

calorie diet ofHFD (20.8 wt% protein, 38.59 wt% carbohydrate, and 32.88 wt% lipid) 
containing more fat than MHF. 
[0082] Preparation Example 4: Dietary-restricted mice 

Mice (C57BL/6N, 17-week-old) woe raised each separately in different cages. 

20 The feed given was culinary feed (CA-1, Qea Japan). Dietary restriction was carried 

out according to the following schedule. Specifically, the feed (CA-1) was supplied for 
3 hours each day (10:00-13:00), while water was made freely available. The feed 
weight was measured before and after the feeding time/ and the difference was 
calculated as the ingested weight The body weights and appearances were observed 

25 during the period of dietary restriction. Mice believed to have failed the conditions 

(mice which exhibited an excessive body weight decrease (for example, about a 20% 
decrease) in a short time) were not used for the experiment After 7 days of raising the 
mice under these conditions, the white adipocytes were extracted 
[0083] Examples 1-5 and Comparative Example 1: LCE expression in white 

30 adipocytes 

The mouse models prepared in Preparation Examples \A were used for 
measurement of LCE expression in liver and white adipocytes (WAT). The expression 
levels were measured by treating RNA extracted from white adipocytes from each 
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mouse model using a mouse U74Achip (Aflfymetrix). 

[0084] Table 1 shows LCE gene expression levels for DIO mice (DIO), D-Tiy 34 
NPY-administered mice (NPY(FF)), D-Tiy 34 NPY pair feeding mice (NPY(PF)), 
MCH-administered mice (MCH(FF)), MCH pair feeding mice (MCH(PF)), dietary- 
restricted mice (fasting) and NPY Y5 agonist-administered mice (Y5ant), where the 
LCE expression in the liver or WAT of non-treated C57BL/6N mice was defined as 
LOO. 

[0085] As shown in Table 1, the LCE gene expression tended to increase in the obese 
mouse models, while the expression decreased in the dietary-restricted mice. Thus, a 
clear correlation was established between LCE expression level and body weight 
[0086] Table 1 





Obesity model 


LCE expression 
in liver 


LCE expression 
in WAT 


Non-treated 


1.00 


1.00 


Example 1 


DIO mice 


4.56 


1.00 


Example 2 


NPY(PF) 


2.11 


2.47 


Example 3 


NPY(FF) 


2.93 


6.78 


Example 4 


MCH(PF) 


1.00 


5.57 


Example 5 


MCH(FF) 


1.50 


2.56 


Comp. Example 1 


Fasting 


0.14 


0.19 



[0087] Example 6: Measurement of mouse LCE mRNA expression levels in 



HEK293 cells 

1 . Preparation of LCE expression-accelerated cells 

RNA extracted from mouse liver was used for amplification of mouse LCE 
cDN A by KT-PCR After subcloning of the obtained PCR product into an expression 
vector pCDNA3.1, the base sequence was confirmed The expression vector into 
which mouse LCE was subcloned was linearized with a restriction endonuclease Seal 
and teansfected into HEK293 cells. The cells were cultured in selective medium 
containing 1 mg/ml G418 to give a cell line with stable high expression of the mouse 
LCE gene. 

[0088] The base sequences of the primers used for RT-PCR are shown below. 
mLCE-exF: 5'-GCC ACC ATG GGC AAC ATG TC A GTG TTG ACT TTA C-3 ' 
(SEQIDNO:3) 

mLCE^exR: 5-CTA CTC AGC CTT CGT GGC TTT CTT-3' (SEQIDNO: 4) 
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[0089] 2. Assay of mouse LCE mRNA expression levels in HEK293 cells 

The total RNA was purified from the HEK293 cells and used for reverse 
transcription reaction to obtain cDNA. Mouse LQE mRNA and human LCE mRNA 
expression was assayed by TaqMan PGR with an ABI Prism 7700 Sequence Detector 
5 System A standard curve for mouse LCE was drawn fiom expression analysis using 

the aforementioned DNA obtained by linearizing the mouse LCE-subcloned 
expression vector with a restriction endonuclease Seal. A standard curve for human 
LCE was drawn fiom subcloning of a PCR-prepared human LCE DNA fragment in 
pcDNA3. 1 and expression analysis using the DNA fragment linearized with Seal. The 
1 0 mouse LCE expression was thai divided by the human LCE expression to deteamine 

the ratio of the mouse LCE gene expression and the intrinsic human LCE gene 
expression. 

[0090] The base sequences of the primers and probes used are shown below. 
TaqMan probe for mouse LCE 
15 mLCE-P: 5 , <HTTCC TGTTTT CTG CGC TGTACG CTG-3' (SEQ ID NO: 5) 

TaqMan primer for mouse LCE 

mLCE-F: 5'-GGATGC AGG AAA ACT GGAAGAA-3' (SEQ ID NO: 6) 
mLCE-R: 5-TGC CGACCA CCA AAG ATA AAG-3 1 (SEQ ID NO: 7) 
TaqMan probe for human LCE 
20 hLCE-P2: 5-ATC ACT GTG CTC CTGTACT-3' (SEQ ID NO: 8) 

TaqMan primer for human LCE 

hLCE-F2: 5-AGC TGATCT TCC TGC ACT GGTAT-3' (SEQ ID NO: 9) 
hLCE-R2: 5 -GGC AAC CAT GTC TTT GTA GGA GTA-3' (SEQ ID NO: 10) 
PCR primer for human LCE 
25 mLCE-exF: 5'-GCC ACC ATG GGC AAC ATG TC A GTG TTG ACT TTA C-3 ' 

(SEQ ID NO: 11) 

hLCE-exR: 5'-CTA TTC AGC TTT CGT TGT TTT CCT C-3' (SEQ ID NO: 12). 
[0091] 3 . Assay of LCE activity in HEK293 cells 

After disruption of the HEK293 cells by sonication, the microsome fraction 
30 was prepared by an ultracentrifuge procedure. The obtained microsome fraction was 

used for assay of the LCE activity by the following method The microsome fraction 
was added to phosphate buffer solution containing NADPH, palmitoyl CoA and Re- 
labeled malonyl CoA, which are necessary for the reaction, and incubation was 
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performed at 37°C for 5 minutes. A solution of 15% potassium hydroxide-methanol 
was then added and the mixture was heated at 75°C for 45 minutes for saponification. 
After adding 5N hydrochloric acid thereto, hexane was used for fatty acid extraction. 
The specific radioactivity of the obtained fatty acids was measured and the amount of 
5 malonyl Co A incorporated into the fatty acids by fatty acid elongation reaction was 

determined 

[0092] Fig. 1 is a graph showing (a) LCE mRNA expression and (b) LCE activity in 
cells forced to express LCE. As shown inRg. 1, it was confirmed that cell lines with 
enhanced LCE expression had been obtained, and that LCE activity was enhanced in 

10 these cell lines. 

[0093] Example 7 : Measurement of fetty acid composition in HEK293 cells 

The HEK293 cells woe disrupted by sordcation in phosphate buffer, and after 
adding C17:0 triglycerides, cholesteryl esters and phospholipids as internal standard 
substances, the lipid components were extracted with chloroform-methanol (2: 1). The 

1 5 obtained lipids were dried to hardness under a nitrogen stream, and then fractionated by 

thin-layer chromatography using silica gel G (hexaneidiethyl ethenacetic acid = 
80:20:1) for separation of the triglycerides, cholesteryl esters and phospholipids. The 
fatty acid residues of the three fractions were methylated with 5% hydrochloric acid- 
methanol, and the fatty acid composition was analyzed using gas chromatography 

20 (GC-FID). 

[0094] Fig. 2 shows the results of comparing fetty acids of C18 or more and C16 or 
less carbon chains. As is clear from Fig. 2, the component ratio of C18 or more fatty 
acids tended to increase in the cell lines with enhanced LCE expression, confirming 
that carbon chain elongation reaction proceeds in proportion to augmented LCE 

25 activity. Almost all of the fatty acids in the cells woe present in ester form, i.e. 

triglycerides, cholesteryl esters and phospholipids. Since the component ratio of C18 
or more fatty acids tended to increase with enhanced LCE expression for all of these 
esters, the change in LCE activity is presumably responsible for the altered fetty acid 
component ratios in all of the cells, leading the present inventors to conclude that LCE 

30 is an important factor detenrrining the fatty acid composition of cells. 

[0095] The results of comparison of the fatty acid compositions are shown in Fig. 3. 
As Fig. 3 clearly demonstrates, it was confirmed that the cell lines with enhanced LCE 
expression tended to have an increased component ratio of C 1 8 or more fatly acids. 
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[0096] Example 8: Suppression of human LCE expression by RNAi 

1. Examination of siRNA used for expression suppression experiment 
Based on nucleotide sequence data for human LCE DNA, siRNA (small 
interfering RNA) having the sequences listed below were synthesized. Each 
5 synthesized siRNA was transfected into HepG2 cells and after 24 hours the total RNA 

was prepared from the cells. Next, cDNA was yielded by reverse transcription reaction 
and human LCE mRNA expression was assayed by TaqMan PCR with an ABI Prism 
7700 Sequence Detector System Fig. 4(a) shows the corresponding regions for each 
siRNA on LCE gene, and Fig. 4(b) is a graph showing expression of LCE mRNA 
10 upon transfection of each siRNA. As seen in Fig. 4(b), it was confirmed that using the 

siRNA (hLCE-siRNA-6) produced a strong effect of the suppression of LCE 
expression. 

[0097] The sequences of the siRNA used were as follows. 
hLCE-siRNA-1 
15 (siRNA 1 in Rg.4) 

S'^ACXCCAAGC^AUUCAUUUUU-S' (SEQ ID NO: 13) 
3' UUCUGGCGUUCCGUAAGUAAA -5' (SEQ ID NO: 14) 
hLCE-siRNA-2 
(siRNA2inFig.4) 

20 5'-CACUOGAAAUCAAGCGCUUUU-3' (SEQ ID NO: 15) 

3 , -UUGUGACKXrUUAGUUCX3CGAA-5' (SEQ ID NO: 16) 
hLCE-siRNA-3 
(siRNA3inRg.4) 

5'-CACGUAGCGACUCCGAAGAUU-3' (SEQ ID NO: 17) 
25 S'-UUGUGCAUCGCUGAGGCUUCU-S' (SEQ ID NO: 18) 

hLCE-siRNA-4 
(siRNA4inHg.4) 

5'-UGAAGCCAUCCAAUGGAUGUU-3' (SEQ ID NO: 19) 
3'-UUACUUCGGUAGGUUACCUAC-5' (SEQ ID NO: 20) 
30 hLCE-siRNA-5 
(siRNA5inRg.4) 

5'-GGCAUUAGUGCUCUGGUCUUU-3' (SEQ ID NO: 21) 
3'-UUCGGUAAUCACGAGACCAGA-5* (SEQ ID NO: 22) 
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hLCE-siRNA-6 
(siRNA6inRg.4) 

5 -AGGCCUGAAGCAGUCAGUUUU-3' (SEQ ID NO: 23) 
S'-IJUUCCGGACXJUCGUCAGUCAA-S' (SEQ ID NO: 24) 
5 LCE-siRNA-2 
(Rg.4:aORNA7) 

5-UGGACCUGUCAGCAAAUUCUU-3' (SEQ ID NO: 25) 
3'-UUACCUGGACAGUCGUUUAAG-5' (SEQ ID NO: 26) 
hLCE-siRNA-7 
10 (siRNA8inHg.4) 

5 -AGCACCCGAACUAGGAGAUUU-3' (SEQ ID NO: 27) 
3'-UUUCGUGGGCUUGAUCCUCUA-5' (SEQ ID NO: 28) 
hLCE-siRNA-8 
(siRNA9inHg.4) 

15 S'-CAUCUUCUGGUOCUCACUCUU-^ (SEQ ID NO: 29) 

3'-UUGUAGAAGACCAGGAGUGAG-5' (SEQ ID NO: 30) 
hLCE-siRNA-9 
(siRNA10inRg.4) 

S'-UCACACGUGGUGCAGCUAAUU-^ (SEQ ID NO: 31) 
20 3'-UUAGUGUGCACCACGUCGAUU-5' (SEQ ID NO: 32) 

hLCE-siRNA-10 
(siRNAllinHg.4) 

5'-GCACUGCUGCUGGAAGACCUU-3' (SEQ ID NO: 33) 
3'-UUCGUGACGACGACCUUCUGG-5' (SEQ ID NO: 34) 
25 hLCE-siRNA-11 
(aRNA12inHg.4) 

5 , -ACUGUGCGAGCACAACACAUU-3 , (SEQ ID NO: 35) 
3'-UUUGACACGCUCGUGUUGUGU-5' (SEQ ID NO: 36) 
hLCE-siRNA-12 
30 (siRNA13inFig.4) 

S'-AGGGGGUGAAUACUUCCCCUU^' (SEQ ID NO: 37) 
3-UUUCCCCCACUUAUGAAGGGG-5' (SEQ ID NO: 38). 
[0098] 2.LCEactivity-redudngefl^ofsiRNAinHepG2cells 
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After disruption of siRNA (hLCE-siRNA^transfec^ HepG2 cells by 
sonication, the microsome fraction was prepared by an ultracentrifuge procedure. The 
LCE activity (Fatty Acyl CoA elongation activity) of the obtained microsome fraction 
was then assayed As a control there were used HepG2 cells into which siRNA having 
5 a sequence with no mammalian gene homology (scramble siRNA Duplex: 

Dharmacon, Inc.) had been transfected Hg. 5(a) is a graph showing LCE mRNA 
expression, and Hg. 5(b) is a graph showing elongqtion activity. As seen in Hg. 5(a) 
and (b), it was confirmed that LCE expression had been specifically inhibited and that 
LCE activity had also been inhibited 

10 [0099] Two different siRNA (one with a strong expression-suppressing effect (hLCE- 

siRNA-6) and one with a moderate expression-suppressing effect (LCE-siRNA-2)) 
were transfected into HepG2 cells. At 24 and 48 hours after the siRNA transection, 
the total RNA was prepared from the cells, gene expression was analyzed using a 
DNA chip (Affymetrix), and genes were selected whose expression was reduced by 

15 siRNA transfection. Hg. 6 is a pair of graphs showing LCE mRNA expression after 

siRNA transfection ((a): 24 hours, (b): 48 tours). It was confirmed that siRNA 
transfection suppressed LCE expression. 

[0100] The number of genes whose expression was reduced by siRNA transfection 
was 5 at 24 hours and 64 at 48 hours. Of the genes with reduced expression, the 

20 expression levels of FAS (Fatty Acid Synthase) and SCD (Stearoyl CoA Desaturase), 

which like LCE are involved in fatty acid synthesis, were the focus of study. 
Specifically, total RNA was purified from siRNA (hLCE-siRNA-6Hransfected 
HepG2 cells, and cDNA was obtained by reverse transcription reaction. Next, human 
FAS mRNA and human SCD mRNA expression levels were measured by TaqMan 

25 PCR with an ABI Prism 7700 Sequence Detector System. A standard curve was 

drawn using the human FAS cDNA fragment and human SCD cDNA fragment 
prepared by PCR The expression levels of FAS and SCD were normalized based on 
p-actin expression levels. Fig. 7 is a set of graphs showing (a) LCE, (b) FAS and (c) 
SCD mRNA expression levels in the siRNA-transfected HepG2 cells. As shown in 

30 Fig. 7, siRNA transfection significantly reduced LCE expression, while expression 

levels of FAS and SCD, though not being reduced to the extent of LCE expression, 
were still reduced by about 40-60%. 

[0101] The base sequences of the primers and probes used for measurement were as 
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follows. 

TaqMan probe for human FAS 

hFAS-R 5'-ACC CGC TCG GCATGG CTATCTT-3' (SEQ ID NO: 39) 
TaqMan primer for human FAS 
5 hFAS-F: 5'-GCA AAT TCXj ACC TTT CTC AGA AC-3' (SEQ ID NO: 40) 

hFAS-R: 5-GGACCC CGT GGAATG TCA-3' (SEQ ID NO: 41) 
PGR primer for construction of human FAS cDNA 
hFAS^823S: 5 -TAC GCC TCC CIC AAC TTC CG-3' (SEQ ID NO: 42) 
hFAS-5604A: 5'-CAC TTG AGG GGC CGTAGC AC-3' (SEQ ID NO: 43) 
10 TaqMan probe for human SCD 

hSCD-P: 5-CAC ATG CTG ATC CTC ATA ATT CCC GAC G-3' (SEQ ID NO: 44) 
TaqMan primer for human SCD 

hSCD-F: 5'-GCC CAC CAC AAG TTT TC A GAA-3' (SEQ ID NO: 45) 
hSCD-R: S'-CCACGTGAGAGAAGAAAAAGC C-3' (SEQ ID NO: 46) 

15 PGR primer for construction of human SCD cDNA 

hSO>600S: 5'-TGT GGA GCC ACC GCT CTTAC-3' (SEQ ID NO: 47) 
hSCD-93 1 A: 5-AAG CGT GGG CAG GAT GAA GC-3' (SEQ ID NO: 48). 
[0102] Example 9: Suppression of mouse LCE expression by RNAi 

The same experiment as in Example 8 was earned out using mouse LCE. 

20 Based on nucleotide sequence data for mouse LCE DNA, siRNA having the 

sequences listed below were synthesized Each synthesized siRNA was transfected 
into 3T3-L1 cells and after 24 hours the total RNA was prepared from the cells. Next, 
cDNA was yielded by reverse transcription reaction and mouse LCE mRNA 
expression was measured by TaqMan PCR with an ABI Prism 7700 Sequence 

25 Detector System. 

[0103] Fig. 8 is a set of graphs showing the results of the suppression of the mouse 
LCE expression by RNAL Drawing (a) shows corresponding regions for each siRNA 
on mouse LCE gene, (b) shows expression levels of mouse LCE mRNA upon 
transfection of each siRNA, and (c) shows expression levels of mouse FAS mRNA 

30 upon transfection of each siRNA. As shown in Fig. 8, each siRNA was confirmed to 

suppress expression of LCE and FAS. 
[0104] The siRNA used for the experiment are listed below. 

hLCE-siRNA-6 (identical to hLCE-siRNA-6 used as siRNA for human LCE shown 
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above) (siRNA 6 in Fig. 8) 

5'-AGGCCUGAAGCAGUCAGUUUU-3' (SEQ ID NO: 49) 
S'-UUUCCGGACXJUCGUCAGUCAA-S' (SEQ ID NO: 50) 
mLCE-siRNA-7 (siRNAm7 in Hg. 8) 
5 5-UCCCAUAUGGUGCAGCUAAUU-3' (SEQ ID NO: 51) 

3-UUAGGGUAUACCACGUCGAUU-5' (SEQ ID NO: 52) 
mLCE-siRNA-11 (siRNAmll inHg. 8) 
5'<3CAUCCGUUGUUCAGUUGCUU-3* (SEQ ID NO: 53) 
3'-UUCGUAGGCAACAAGUCAACG-5' (SEQ ID NO: 54). 

10 [0105] Example 1ft Effect of LCE RNAi on FAS mRNAexpression in 3T3-L1 cells 

Twenty-four hours after transfection of siRNA (hLCE-siRNA-6) into 3T3-L1 
cells differentiated to adipocytes, the total RNA was purified from the cells. After 
preparing cDNA from the obtained total RNA by reverse transcription reaction, the 
mouse FAS mRNA expression was measured by TaqMan PCR with an ABI Prism 

15 7700 Sequence Detector System. A standard curve was drawn using a mouse FAS 

cDNA fragment prepared by PCR The expression level of FAS was normalized 
based on (3-actin expression. 

[0106] The primers and probes used for the measurement were as follows. 
TaqMan probe for mouse FAS 
20 mFAS-P2: 5 -ATG CTG GCC AAA CTA ACT ACG GCT TCG-3' (SEQ ID NO: 

55) 

TaqMan primer for mouse FAS 

mFAS-F2: 5'-TGG (XT TCT (XT CTG TAA GCr G-3' (SEQ ID NO: 56) 
mFAS-R2: 5'-CTG TTC ACATAT ACG CTC CAT GG-3' (SEQ ID NO: 57) 

25 PCR primer for construction of mouse FAS cDNA 

mFAS-5541S: 5-TTC CGC TAC ATG GCT CAG GG-3' (SEQ ID NO: 58) 
mFAS-755 1 A: 5'-CCC GTACAC TCA CTC CTG GC-3' (SEQ ID NO: 59) 
[0107] Also, siRNA (hLCE-siRNA-6) was transfected into 3T3-L1 cells differentiated 
to adipocytes, and after 24 hours there was added l4 C-labeled sodium acetate to the 

30 medium Four hours after this addition, the cells were lysed with 0.1% SDS, a 15% 

potassium hydroxide-methanol solution was added, and saponification was performed 
by heating at 75°C for 45 minutes. After adding 5N hydrochloric acid thereto, the lipid 
components were extracted with cWorofornrmethanol (2:1). The extracted lipid 
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components were fractionated by thin-layer chromatography using silica gel G 
(hexaneidiethyl ethenacetic acid = 80:20:1), and the 14 C acetate incorporated into the 
fatty acid fraction was measured to determine the fatty acid synthesis ability. As a 
control there were used 3T3-L1 cells into which siRNA having a sequence with no 
mammalian gene homology (scramble siRNA Duplex: Dharmacon, Inc.) had been 
transfected 

[0108] Fig. 9 is a set of graphs showing the results of (a) the suppression of LQE 
expression (b) the suppression of FAS expression and (c) fatty acid synthesis inhibition 
by RNAi As shown in Fig. 9, it was confirmed that suppression of LCE expression 
inhibits synthesis of fatty acids. 

[0109] Example 11: Effect of LCE RNAi on apolipoprotein B secretion in HepG2 
cells 

Forty-eight hours after transfection of siRNA (hLCE^siRNA-6) into HepG2 
cells, the medium was exchanged Incubation was initiated 48 hours after medium 
exchange, and the culture supernatant was collected and used for quantitation of 
apolipoprotein secreted in the medium The quantitation of apolipoprotein was carried 
out by microplate EIA (APO B TEST, Exocell Inc.). A standard solution of 
apolipoprotein B was used to draw a standard curve, and the apolipoprotein B 
concentration in the culture supernatant was detenrrined As a control there were used 
HepG2 cells into which siRNA having a sequence with no mammalian gene 
homology (scramble siRNA Duplex: Dharmacon, Inc.) had been transfected 
[0110] Fig. lOisapairof graphs showing (a) the suppression of the LCE expression 
and (b) apolipoprotein B secretion inhibition by RNAi. As shown in Fig. 10, it was 
confirmed that suppression of LCE expression inhibits apolipoprotein B secretion. 
[0111] This result suggested that suppression of LCE activity produces an effect 
against obesity. 

[0112] Example 12: Effect of LCE RNAi in DIO mice 

Seven-week-old mice (ICR, female) were raised for 23 weeks on a high- 
calorie MHF diet to induce obesity. First, the body weights of the mice were measured 
before administration of siRNA. The siRNA (hIXE-siRNA-6) was injected through 
the caudal vein of each mouse using HVJ-liposomes as the carrier (40 
|ag/mouse^njection). Adiiinistration was performed 5 times every other day, and two 
days after the final administration, the mouse body weights were again measured and 
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the weight changes before and after siRNA administration were determined Blood 
was collected from the orbital venous plexus for measurement of the blood glucose 
levels. Blood was also collected from the abdominal vena cava for measurement of 
the plasma insulin levels. As a control, there were used mice injected with scramble 
5 siRNA whidi exhibits no effect in mammalian cells. 

[0113] Fig. 11 is a set of graphs showing change in (a) body weight, (b) blood glucose 
and (c) plasma insulin upon siRNA administration. As shown in Rg. 11, it was 
confirmed that administration of siRNA for LCE to mice reduced body weight In 
addition, since both blood glucose levels and plasma insulin levels woe reduced, it was 
10 confirmed on the individual level that siRNA for LCE suppresses LCE activity and 

exhibits an improving effect on obesity. 

[0114] The total RNA was purified from the mouse livers and cDN A was obtained by 
reverse transcription reaction. The expression levels of mouse LCE mRNA, mouse 
acetyl-CoA carboxylase (ACQ mRNA, mouse FAS mRNA, mouse SCD-1 mRNA, 

15 mouse SREBP-lc mRNA and mouse insulin receptor substrate (TRS)-2 mRNA were 

measured by TaqMan PCR with an ABI Prism 7700 Sequence Detector System A 
standard curve was drawn using a cDNA fragment for each gene, prepared by PCR 
The expression level of each gene was normalized based on (3-actin expressroa 
[0115] The base sequences of the primers and probes used for measurement were as 

20 follows. 

TaqMan probe for mouse ACC1 

5 f -AGCTGC AAG CCTGTC ATC CTCAATATC G-3' (SEQ ID NO: 73) 
TaqMan PCR primer for mouse ACC 1 

forward: 5-TTC TGA ATG TGG CTATCA AGA CTG A-3 f (SEQ ID NO: 74) 
25 reverse: 5-TGC TGG GTG AAC TCT CTG AAC A-3 ? (SEQ ID NO: 75) 

Primer for construction of mouse ACC1 cDNA 
forward: 5-TAG TGT CAG CGATGTTCTGT-3' (SEQ ID NO: 76) 
reverse: 5-AAATCT CTG ATC CAC CIO AC-3' (SEQ ID NO: 77) 
TaqMan probe for mouse SCD-1 
3 0 ACT CGC CIA CAC C AA CGG GCT CC (SEQ ID NO: 78) 

TaqMan primer for mouse SCD- 1 

fbrwan± 5-TTTCCAAGC GCA GTT CCG-3* (SEQ ID NO: 79) 
reverse: 5-AICGAGrcTGGACITC^ 80) 
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FCR primer for construction of mouse SCD-1 cDNA 
forward: 5-CAC CCATCC CGA GAGTCA GG-3' (SEQ ID NO: 81) 
revoke: 5'-GTG GGC CGG CAT GAT GATAG-3' (SEQ ID NO: 82) 
TaqMan probe for mouse SREBP-lc 
5 S'-CTT CAAATG TGC AAT CCATGG CIC CGT-3 1 (SEQ ID NO: 83) 

TaqMan prima* for mouse SREBP-lc 

forward: 5'-GTA GCG TCT GCA CGC CCTA-3' (SEQ ID NO: 84) 
reverse: 5 -CTT GGT TGT TG A TGA GCT GGA G-3 1 (SEQ ID NO: 85) 
PGR primer for construction of mouse SREBP-lc cDNA 
10 forward: 5-AAGCTGTCG GGGTAG CGT CT-3' (SEQ ID NO: 86) 

reverse: 5-AGG CTC GAG TAA CCC AGC AC-3' (SEQ ID NO: 87) 
TaqMan probe for mouse IRS-2 

5-ACTTAG CCG CTTCAAGCC CGATGT G-3 1 (SEQ ID NO: 88) 
TaqMan PGR primer for mouse IRS-2 

15 forward: 5 -AGA AGG TGC CCG AGTGGC-3 1 (SEQ ID NO: 89) 

reverse: 5'-CCC CAG ATA CCT GAT CCATGA-3' (SEQ ID NO: 90) 
Primer for construction of mouse IRS-2 cDNA 
forward: 5 -CAG TAG GCT CCATGGATG GC-3' (SEQ ID NO: 91) 
revere: 5-ATGACC TTA GCA CCC CGGTG-3' (SEQ ID NO: 92) 

20 [0116] Rg. 21 is apair of gi^hs showing^ 

2 and (b)LCEmRNA expression levels in the liveis of siRNA-administeredmice. It 
was confirmed that suppression of LCE expression lowers expression of the fatty acid 
synthesis enzymes ACQ FAS and SCD1, while also lowering expression of SREBP- 
lc, a transcription factor which regulates fatty acid synthesis. In other words, this 

25 suggested that suppression of LCE expression in DIO mouse liver inhibits fat synthesis 

in the liver. 

[0117] Moreover, the enhanced expression of IRS-2 (insulin receptor substrate-2) in 
LCE RNAi-administered mouse livas suggests that suppression of LCE expression in 
the liver also increases insulin sensitivity in the liver. The present inventors believe that 
30 this is the reason for the reduction in blood glucose levels and plasma insulin levels 

induced by suppression of LCE expression as demonstrated in Example 12. 
[01 18] Example 13: Effect of LCE RNAi on cellular fatty acid composition ofHepG2 
cells 
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Seventy-two hours after transection of siRNA (TiLCE-siRNA-6) into HepG2 
cells, the cells were harvested They were then disrupted by sonication in phosphate 
buffer, and after adding C17:0 triglycerides, cholesteryl esters and phospholipids as 
internal standard substances, the lipid components were extracted by Bligh-Dyer 
5 method The obtained lipids were dried to hardness under a nitrogen stream, and then 

fractionated by thin-layer chromatography using silica gel G (hexane:diethyl 
ethenacetic acid = 80:20:1) for separation of the triglycerides, cholesteiyl esters and 
phospholipids. The fatty acid residues of the three fractions woe methylated with 5% 
hydrochloric atid-methanol, and the fatty acid composition was analyzed using gas 
10 chromatography (GC-FTD). As a control there were used HepG2 cells into which 

siRNA having a sequence with no mammalian gene homology (scramble siRNA 
Duplex: Dharmacon, Inc.) had been transfected 

[0119] Table 2 shows the results of fatty acid composition analysis. As the results in 
Table 2 clearly demonstrate, it was confirmed that suppression of LCE expression by 
15 RNAi reduces the component ratio of C18 or more fatty acids in triglycerides, 

cholesteryl esters and phospholipids. 



[0120] Table 2 
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hLCE- 
siRNA-6 


30.4 


232 


8.1 


21.5 


1.81 | 



[01211 Example 14: Effect of LCE RNAi on expression of other genes in HepG2 
cells 



20 The effect suppression of LCE expression was also examined with respect to 

SREBP-1 (sterol regulatory element binding protein- 1) which is involved in fatty acid 
synthesis and SREBP-2 (sterol regulatory element binding protein-2) which is 
involved in cholesterol synthesis. Total RNA was purified from siRNA (hLCE- 
siRNA-6)-transfected HepG2 cells, and cDNA was obtained by reverse transcription 
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reaction. The human SREBP-1 mRNA and human SREBP-2 mRNA expression 
levels were measured by TaqMan PCR with an ABI Prism 7700 Sequence Detector 
System. As a control there were used HepG2 cells into which siRNA having a 
sequence with no mammalian gene homology (scramble siRNA Duplex: Dharmacon, 
5 Inc.) had been transfected A standard curve was drawn using the human SREBP-1 

cDNA fragment and human SREBP-2 cDNA fragment prepared by PCR The 
expression level of each gene was normalized based on f^actin expression. 
[0122] The base sequences of the primers used for measurement were as follows. 
TaqMan primer for human SREBP-1 

10 forward: 5'-CAACAC AGC AACCAG AAACTC AAG-3' (SEQID NO: 60) 

reverse: 5 '-TTG CTT TTG TGG AC A GC A GTG-3 ' (SEQID NO: 61) 
PCR prima* for construction ofhuman SREBP-1 cDNA 
forward: 5'-CGG AGA AGC TGC CTATCAAC-3' (SEQ ID NO: 62) 
reverse: 5'-GGT CAG TGT GTC CTC CAC CT-3' (SEQID NO: 63) 

15 TaqMan prima* for human SREBP-2 

forward: S'-GATAIC GCT CCT CCATCA ATG AC-3 1 (SEQ ID NO: 64) 
reverse: 5-ACTTGT GCATCTTGG CGT CTG-3' (SEQ ID NO: 65) 
PCR primer for construction ofhuman SREBP-2 cDNA 
forward: 5'-CAT TCT GAC CAC AAT GCC TG-3' (SEQ ID NO: 66) 

20 reverse: 5-AGTAGG GAG AGA AGC CAG CC-3' (SEQ ID NO: 67) 

[0123] Hg. 12 is a graph showing expression of SREBP-1 and SREBP-2 mRNA in 
siRNA-transfected HepG2 cells. As shown in Rg. 12, it was confirmed that 
transfection of siRNA significantly reduces expression of SREBP-1 but does not alter 
expression of SREBP-2. 

25 [0124] Example 15: Effect of LOERNAi on cellular lipid synthesis in HepG2 cells 

Seventy-two hours after transfection of siRNA (hLCE-siRNA-6) into HepG2 
cells, 14 C-labeled sodium acetate was added to the medium. Four hours after this 
addition, the cells were lysed with 0.1% SDS. A 15% potassium hydroxide-methanol 
solution was added to a portion of the cell lysate, and saponification was performed by 

30 heating at 75°C for 45 minutes. After adding 5N hydrochloric acid thereto, the lipid 

components were extracted with chlorofornrmethanol (2:1). The extracted lipid 
components were fractionated by thin-layer chromatography using silica gel G 
(hexane:diethyl ethenacetic acid = 80:20:1), and the 14 C acetate incorporated into the 
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fatty add fraction was measured to determine the fatty acid synthesis ability. 
[0125] The lipid components were again extracted directly from the cell lysate portion 
with chloroforramethanol (2: 1). The obtained lipid components wots fractionated by 
thin-layer chromatography, and the 14 C acetate incorporated into the triglyceride 
5 fraction was measured to determine the triglyceride synthesis ability. The values for the 

fatty acid synthesis ability and triglyceride synthesis ability were normalized based on 
the protein in the cell lysate. As a control there were used HepG2 cells into which 
siRNA having a sequence with no mammalian gene homology (scramble siRNA 
Duplex: Dharmacon, Inc.) had been transfected 
10 [0126] Fig. 13 is a pair of graphs showing (a) fatty acid synthesis and (b) triglyceride 

synthesis ability of siRNA-transfected HepG2 cells. As shown in Fig. 13, it was 
confirmed that suppression of LCE expression by transfection of siRNA reduces fatty 
acid synthesis ability and triglyceride synthesis ability. 

[0127] Example 16: Effect of LCE RNAi on cellular triglyceride contents in HepG2 
15 cells 

Seventy-two hours after transfection of siRNA (hLCE-siRNA-6) into HepG2 
cells, the cells were harvested They woe then disrupted by sonication in phosphate 
buffer, and the lipid components were extracted from a portion thereof by Bligh-Dyer 
method The obtained lipids were dried to hardness under a nitrogen stream and 

20 dissolved in 2-propanol, and the triglycerides were measured by an enzyme method 

The obtained value for the triglyceride content was normalized based on the protein 
content in the solution of the cells disrupted by sonication. As a control there were used 
HepG2 cells into which siRNA having a sequence with no mammalian gene 
homology (scramble siRNA Duplex: Dharmacon, Inc.) had been transfected 

25 [0128] Fig. 14 is a graph showing triglyceride amount in siRNA-transfected HepG2 

cells. As shown in Fig. 14, it was confirmed that suppression of LCE expression by 
transfection of siRNA reduces intracellular triglyceride content 
[0129] Example 17: Effect of LCE RNAi on cellular fatty acid oxidation in HepG2 
cells 

30 Seventy-two hours after transfer of siRNA (hLCE-siRNA-6) into HepG2 cells, 

14 C-palmitic acid was added to the medium. After 30 minutes of incubation, the 
medium was transfected to a separate tube and 10% trichloroacetic acid was added 
The CQ2 released from the medium was trapped with a 10% aqueous sodium 
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hydroxide. The specific radioactivity of the trapped CQ2 was measured, and the 
volume of CO2 produced by P-oxidation from the palmitate added to the medium was 
determined The CQrieleased medium was caitiiftiged, the specific radioactivity of 
the acid-soluble fraction of the supernatant was measured, and the quantity of ketone 
bodies produced by ^oxidation from the palmitate added to the medium was 
determined After removal of the medium, the incubated HepG2 cells were lysed with 
0.1% SDS. The lipid components were extracted from a portion of the cell ly sale with 
cWorofcnmmethanol (2: 1), and were fractionated by thin-layer chromatography. The 
specific radioactivity of the triglyceride fraction was measured, to determine the 
amount of palmitate added to the medium which was incorporated into the 
triglycerides in the cells. The values for the CQ2 volume, ketone body concentration 
and triglyceride incorporation were normalized based on the protein in the cell lysate. 
As a control there were used HepG2 cells into which siRNA having a sequence with 
no mammalian gene homology (scramble siRNA Duplex: Dharmacon, Inc.) had been 
transfected 

[0130] Hg. 15 is a set of graphs showing (a) CQ2 production, (b) ketone body 
production and (c) palmitate incorporation into triglycerides, for siRNA-transfected 
HepG2 cells. As shown in Hg. 15, it was confirmed that suppression of LCE 
expression by siRNA transfection increases CO2 production and ketone body 
production, while reducing incorporation of palmitate into triglycerides. Since fatty 
acid combustion is accompanied by CQ2 and ketone body production, this result 
suggests that suppression of LCE expression promotes fatty acid combustion. 
[0131] Example 18: Effect of LCE RNAi on cellular CPT-1 expression in HepG2 
cells 

The effect of suppression of LCE expression on CPT-1 (carnitine palmitoyl 
transferase- 1), a transporter which uptakes fatty acids into mitochondria, was examined 
Seventy-two hours after transfection of siRNA (hLCE-siRNA-6) into HepG2 cells, the 
cells were harvested The total RNA was purified from the cells and used for reverse 
transcription reaction to obtain cDNA. The human CPT-1 mRNA expression was 
measured by TaqMan PCR with an ABI Prism 7700 Sequence Detector System Asa 
control there were used HepG2 cells into which siRNA having a sequence with no 
mammalian gene homology (scramble siRNA Duplex: Dharmacon, Inc.) had been 
transfected A standard curve was drawn using the human CPT-1 cDNA fragment 
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prepared by PCEL The obtained value was normalized based on (3-actin expression. 
[0132] The base sequences of the primers and probes used for measurement were as 
follows. 

TaqMan probe for human CPT-1 
5 5'-CCG GGA GGA AAT CAA ACC AAT TCG TC-3' (SEQID NO: 68) 

TaqMan primer for human CPT- 1 

forward: 5 -TGC TTT ACA GGC GCA AAC TG-3 1 (SEQID NO: 69) 
reverse: 5-TGGAATCGTGGATCC CAAA-3' (SEQ ID NO: 70) 
PCR primer for construction ofhuman CPT-1 cDNA 

10 forward: S'-ATTTGAAGTTAAAAT CCT GGT GGG C-3' (SEQ ID NO: 71) 

reverse: 5-TTC CCA CGT CCA AAATAG GC-3' (SEQ ID NO: 72) 
[0133] Fig. 16 is a graph showing CPT-1 mRNA expression in siRNA-transfected 
HepG2 cells. As shown in Fig. 16, it was confirmed that suppression of LCE 
expression by transfection of siRNA increases CPT-1 expression 

15 [0134] Example 19: Change in LCE expression in livas of mice fed a high-sucrose 

diet 

Eght-week-old mice (ICR, male) woe raised for 3 days on a high-sucrose diet 
(67% sucrose), and 7-week-old mice (ICR, male) were raised for 10 days on the high- 
sucrose diet After body weight measurement, the mice weie euthanized, and the 
20 epididymal adipose tissue was extracted and weighed The mouse livers were also 

extracted, the total RN A was purified, and the LCE mRNA expression levels in the 
liver were measured by TaqMan PCR The LCE mRNA expression levels were 
normalized based on (3-actin expression. As a control there were used mice raised on 
an ordinary did; (CA-1). 

25 [0135] Fig. 17 is a set of graphs showing (a) body weights, (b) epididymal adipose 

tissue weights and (c) liver LCE mRNA expression in the mice which woe fed a high- 
sucrose diet As shown in Fig. 17, it was confirmed that high-sucrose did: feeding 
increases mouse body weight and adipose tissue weight, while also increasing LCE 
mRNA expression in the liver. 

30 [0136] Example 20: LCE RNAi administration to high-sucrose diet-fed mice 

Using HVJ-liposomes as a carrier, siRNA (hLCE-siRNAi-6) was injected into 
mice (7-week-old, ICR, male) through the caudal vein (40 |jg/mouse/injection). 
Immediately after the initial injection, the mice woe raised on a high-sucrose diet Asa 
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control, there were used mice injected with scramble siRNA which exhibits no effect in 
mammalian cells. The siRNA injection was performed 5 times every other day, and 
on the day following the final injection, the mouse body weights were measured, the 
body fat masses were determined with an NMR analyzer (Minispec; mq7.5), and the 
adipose weight/body weight ratios were calculated Blood was collected from the 
abdominal vena cava for measurement of the plasma leptin levels. 
[0137] Hg. 18 is a set of graphs showing (a) fat weights, (b) body fat weight/body 
weight ratios and (c) plasma leptin levels for mice administered with siRNA. LCE 
expression inhibition by administration of LCERNAi suppressed fat weight increase 
caused by the high-sucrose did: Body fat weight/body weight ratio increase was 
likewise inhibited This indicates that suppression of LCE expression prevents obesity 
induced by a high-sucrose diet (exhibits an anti-obesity effect). Moreover, since leptin 
is secreted from adipose tissue, increased adipose tissue weight results in elevated 
secreted leptin levels. In this experiment, the increase in leptin with the high-sucrose 
diet implies that the fat volume had increased, while the fact that increase in leptin 
levels was suppressed in the LCE RNAi-administered group implies that LCE RNAi 
administration had suppressed increase in adipose tissue weight 
[0138] After euthanasia of the mice and extraction of the livers, the total RNA was 
purified from a portion thereof and the LCE mRNA and FAS mRNA expression 
levels in the livers woe measured by TaqMan FCR. The LCE mRNA and FAS 
mRNA expression levels were normalized based on (3-actin expression levels. 
Portions of the livers were also homogenized in phosphate buffer and the lipid 
components wans extracted by Bligh-Dyer method The obtained lipids were dried to 
hardness under a nitrogen stream and dissolved in 2-propanol, and the triglycerides 
were measured by an enzyme method The obtained value for the triglyceride content 
was normalized based on the protein content of the liver homogenate. Also, the 
microsome fraction was prepared from the liver tissue and the change in LCE protein 
level was assayed by Western blotting. For the Western blotting there were used anti- 
LCE polyclonal antibodies obtained by immunizing rabbits (SPF, Japanese White 
Rabbits) with the synthetic peptide M CFEAYIGKVKKArKAE n synthesized based on 
the amino acid sequence ''FEAYIGICVKKATKAE'' from the primary structure of 
mouse LCE protein. 

[0139] Hg. 19 is a set of graphs showing (a) LCE mRNA expression levels, (b) FAS 
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mRNA expression levels and (c) liver triglyceride contents for siRNA-administeied 
mice. Fig. 19(a) confirmed that a high-sucrose diet promotes LQE expression in the 
liver, or in other words, that liver LCE expression is enhanced in the onset of obesity. 
Moreover, it was confirmed that LCE RNAi administration suppresses enhanced 
expression of LCE in mouse liver. 

[0140] Fig. 19(b) suggested that FAS expression in liver is enhanced by a high-sucrose 
diet, or in other words, that fatty acid synthesis in liver is enhanced by a high-sucrose 
diet It also suggested that suppression of LCE expression by administration of LCE 
RNAi suppresses enhanced expression of FAS and inhibits enhanced fatty acid 
synthesis. 

[0141] Fig. 19(c) confirmed that fat accumulation in liver is enhanced by a high- 
sucrose diet It was also confirmed that suppression of LCE expression by 
administration of LCE RNAi suppresses fat accumulation in liver during onset of 
obesity. 

[0142] Thus, it was confirmed that fat synthesis in liver is enhanced by a high-sucrose 

diet (process for promoting obesity onset) and that fat synthesis enhancement is 

blocked by suppression of LCE expression (inhibition of obesity onset). 

[0143] Fig. 20 is an image showing the change in LCE protein in the livers of siRN A- 

administeredmice. The relationship between fatty acid synthesis and LCE expression 

shown in Fig. 1 9 could also be confirmed by LCE protein levels. 

[0144] Example 21: Human LCE amino acid substitution and resulting change in 

LCE activity 

Human LCE cDNA was constructed by PGR using a forward primer having 
BamHI site (hLCE-5BamHT) and a reverse primer having Xhol site (hLCE-3XhoI). 
The obtained cDNA fragment was subcloned into plasmid pCMV-Tag2B (Stratagene) 
using the added BamHI and Xhol sites (wild-type LCE construct). 
[0145] The sequences of the primers used woe as follows. 

hLCE-5BBamffl: GGATCC AAC ATG TCA GTU TTG ACTT (SEQ ID NO: 93) 
hLCE-3XhoI: CTC GAG CTATTCAGC TIT CGTTGTT (SEQ ID NO: 94) 
[0146] This plasmid was used as a template for constmction of cDN A coding mutant 
LCE using point mutagenesis by PGR. The method for point mutagenesis was as 
follows. First, the 5'-end portion for mutated LCE cDNA was constructed by PCR 
using MXE-F4 as a forward primer and different mutagenic primers as a reverse 
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prima: The 3'-end portion of the LCE cDNA was then constructed by FCR using 
hLCE-510S as a forward primer and T7 as a reverse primer. A combination of each 
mutated LCE cDNA 5'-end fragment and the LCE cDNA 3'-end fragment was used 
as template for PCR using hLC&-F4 as a forward prima- and T7 as a reverse prima; to 
5 give DNA fragments containing the full-length coding region of the mutated LCE 

[0147] The sequences of the primers used were as follows. 
hLCE-F4: AAC ATGTCA GTGTTG ACTTTAC (SEQ ID NO: 95) 
hLC&SlCSiGTCCTC 

T7: TAATAC GAC TCA CTATAG GG (SEQ ID NO: 97) 

10 [0148] The constructed LCE mutants were as follows. The mutations introduced into 

human LCE were: substitution of cysteine(99) by alanine (C99A), substitution of 
cysteine(225) by alanine (C225A), substitution of hMdine(141) by alanine (H141A), 
substitution of histidine(144) by alanine (H144A), substitution of histidine(145) by 
alanine (H145A) and substitution of histidine(174) by alanine (H147A). 

15 [0149] The sequences of the primers used for the mutagenesis were as follows. 

C99A: CCC TGG TCG GCA ACT GAC TGC TTC (SEQ ID NO: 98) 
C225A: GTG AGAGTG GGC CTG GTC ATG CTG (SEQ ID NO: 99) 
H141 A: GTG AIA CCA GGC CAG GAA GAT C (SEQ ID NO: 100) 
H144A: GTG ATGTGG GCATAC CAGTGC (SEQ ID NO: 101) 

20 H145A: CAC AGT GAT GGC GTG ATA CCA G (SEQ ID NO: 102) 

H174A: CATCAC GGC GGC CAC GCC ATAG (SEQ ID NO: 103) 
[0150] The obtained mutant LCE cDNA fragments were subcloned into plasmid 
pCMV-Tag2B using restriction endonucleases EcoRI and Xhol to construct mutant 
LCE-expressing constructs. The constructs were transfected into HEK293 cells using 

25 Upofectamine 2000 (Invitrogen) for expression of the mutant LCE. Two days after 

transfection, the cells were harvested, the microsome fraction was prepared and the 
LCE activity in the microsomes was assayed The LCE activity assay was carried out 
by the same method as described in Example 6. 

[0151] Kg. 22 is a pair of graphs showing LCE activity of LCE mutants, (a) shows 
30 LCE activity of a mutant where cysteine is substituted with alanine and (b) shows LCE 

activity of a mutant where histidine is substituted with alanine. All of the mutants had 
LCE activity reduction to below half of that of the wild type. 
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[0152] According to the present invention, it is possible to provide a method for 
treatment and prevention of metabolic disorders, circulatory diseases, central nervous 
system disorders and the like using substances having activity of inhibiting long chain 
fatty acid elongase activity (for example, siRNA, low molecular compounds, proteins, 
antibodies and the like), as well as therapeutic and preventing agents comprising such 
substances. As examples of metabolic disorders there may be mentioned obesity, 
diabetes, hormone secretion imbalances, hyperiipidemia, gout and fatty liver. As 
examples of circulatory diseases there may be mentioned angina, acute and congestive 
heart failure, myocardial infarction, coronary sclerosis, hypertension, kidney disease 
and electrolyte imbalances. As an example of a nervous system disorder there may be 
mentioned bulimia. 
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